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DESCRIPTION 

VACUUM HEAT INSULATING MATERIAL AND REFRIGERATION 
EQUIPMENT USING THE VACUUM HEAT INSULATING MATERIAL 

5 TECHNICAL FIELD 

The present invention relates to a vacuum heat insulating material, and 
refrigerator/freezers and refrigeration equipments using the vacuum heat 
insulating material. 

10 BACKGROUND ART 

Recently, energy saving has been desired in view of the significance of 
preventing global warming as a global environmental problem. Thus, 
consumer apparatuses also have been developed so as to have improved energy 
saving performance. Refrigerator/freezers in particular have required heat 

15 insulating material having superior heat insulation performance from the 
viewpoint of an efficient use of cold heat. 

Generally, heat insulating material uses fiber material such as glass 
wool or a foam material such as urethane foam. In order to improve the heat 
insulation performances of these heat insulating materials, the thicknesses of 

20 the heat insulating materials must be increased. However, the thick materials 
cannot be used when a space that can be filled with such heat insulating 
material is limited and thus the space needs to be saved or must be used 
effectively. 

One of the means for solving the problem as described above is a 
25 vacuum heat insulating material composed of a core material for maintaining 
the space and exterior covering material for blocking the space form outside air. 
The core material generally includes powder materials, fiber materials, or foam 
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materials containing continuous bubbles, for example. With the recent 
demand for increased energy saving, a vacuum heat insulating material having 
a further higher performance has been required. 

Generally, heat conduction is represented by the sum of gas heat 
5 conduction, solid heat conduction, radiation heat conduction, and convection 
heat conduction. In a vacuum heat insulating material in which interior of the 
exterior covering material is depressurized, influence by gas heat conduction 
and convection heat conduction are almost ignorable. Furthermore, almost 
no contribution by radiation heat conduction is caused in a temperature region 

10 equal to or lower than an ordinary temperature. 

Thus, when a vacuum heat insulating material is used for a 
refrigerator/freezer having a temperature equal to or lower then an ordinary 
temperature, it is required to consider the reduction of solid heat conduction. 
Up to now, various fiber materials have been reported as vacuum insulation 

15 core materials having superior heat insulation performance. 

For example, Japanese Translation of PCT Publication No. 
Hll-506708 discloses a vacuum heat insulating material that uses, as the core 
material, a fiber assembly structure in which thermoplastic inorganic binder 
(e.g., low melting glass composition, boric acid) is dispersed in the fiber. As 

20 shown in Fig. 4, in conventional fiber two adjacent glass fiber 1 and glass fiber 
2 are fixed at intersecting point 4 by inorganic binder 3 via bonding material 5. 
Japanese Translation of PCT Publication No. Hll-506708 discloses that, by 
using the inorganic binder as bonding material, the individual fibers in fiber 
assembly are collectively maintained so that the assembly has integrity to 

25 provide a resultant product such as a blanket of heat insulating material, a mat, 
heat heat insulating material, or a panel. Japanese Translation of PCT 
Publication No. Hll-506708 also discloses that this material has superior heat 
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insulation performance because, in contrast with conventional organic binder, 
no gas is generated by the binder under a vacuum condition in exterior 
covering material to prevent aged deterioration of the heat insulation 
performance. 

5 Japanese Patent Unexamined Publication No. H07- 167376 discloses a 

vacuum heat insulating material having core material. This core material is 
obtained by subjecting inorganic fibers having average fiber diameter of 2 jum 
or less (preferably 1 jum or less) to an acid aqueous solution processing and 
compression dehydration processing. Then, eluted components of the 

10 inorganic fibers are collected at intersecting points of the inorganic fibers so 
that they function as binder to cause the inorganic fibers to be bound to one 
another. Japanese Patent Unexamined Publication No. H7-167376 describes 
this structure as having superior heat insulation performance because of the 
following reason. Specifically, this structure is free from aged deterioration 

15 of the heat insulation performance due to the structure having no binder for 
binding fibers to one another, thus eliminating gas caused from the binder 
under vacuum condition in exterior covering material. 

Japanese Patent Unexamined Publication No. H7-139691 also 
discloses a vacuum heat insulating material having core material. This core 

20 material is obtained by the following procedure. First, a plurality of papers 
obtained by acid sheetmaking of inorganic fibers having average fiber diameter 
of 2 jum or less (preferably 1 jum or less) are layered in an acid condition. 
Then, the obtained layers are subjected to a compression process so that eluted 
components from these fibers are used to bind the inorganic fibers to one 

25 another at the respective intersecting points. According to Japanese Patent 
Unexamined Publication No. H7-139691, this structure can provide a vacuum 
heat insulating material having superior heat insulation performance due to the 
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following reason. Specifically, this structure is free from aged deterioration 
of the heat insulation performance and has an arrangement in which the fibers 
are provided in a direction vertical to heat transmission direction, thereby 
reducing solid heat conduction. 
5 However, in any one of the above conventional examples, inorganic 

fibers are bound to one another by binder or bound by using eluted 
components from the inorganic fibers as binder. This leads to an observation 
that the above structures increase solid heat conduction among the respective 
fibers via bound intersecting points, resulting in increased solid heat 

10 transmission components compared with a case of fiber material having no 
binder component. 

In the case of fiber in which intersecting points are not bound, on the 
contrary, solid heat transmission components are suppressed, but the fiber is 
like cotton and thus is very difficult to handle. Furthermore, this kind of 

15 material cannot maintain a shape such as a blanket, a mat, or a panel. Thus, if 
this material is used as core material of a vacuum heat insulating material, the 
appearance is deteriorated because of air compression. 

SUMMARY OF THE INVENTION 

20 A vacuum heat insulating material of the present invention comprises a 

core material consisting of inorganic fibers and exterior covering material 
having gas barrier performance, the vacuum heat insulating material being 
provided by depressurizing interior of the exterior covering material. The 
inorganic fibers include silicon oxide as a main component; and the core 

25 material has intersecting points at which the fibers are adhered to one another 
via an intermolecular interaction. 

As a result, the high-performance vacuum heat insulating material 
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having superior heat insulation performance can be provided to contribute to 
the energy saving of refrigerator/freezer and refrigeration equipment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

5 Fig. 1 is a cross-sectional view illustrating a vacuum heat insulating 

material in one embodiment of the present invention. 

Fig. 2 is a schematic view illustrating an intersecting point in core 
material in one embodiment of the present invention. 

Fig. 3 is a cross-sectional view illustrating a refrigerator/freezer as one 
10 embodiment of the present invention. 

Fig. 4 is a schematic view for explaining core material of a 
conventional example. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

15 In a vacuum heat insulating material of the present invention, core 

material includes silicon oxide as a main component and the adhesiveness of a 
surface layer of inorganic fibers is improved, thus allowing the fibers to be 
adhered to one another by intermolecular interaction. Specifically, the 
intermolecular interaction due to the molecular structure allows the fibers to be 

20 adhered to one another by the attraction force from the respective fibers. In 
contrast with the conventional example, the vacuum heat insulating material of 
the present invention does not include binder or eluted components of 
inorganic fibers at intersecting points of inorganic fibers and thus does not 
promote the solid heat conduction among the fibers. Thus, the present 

25 invention can reduce solid heat conduction in the fiber and can provide the 
vacuum heat insulating material having superior heat insulation performance. 
Herein, the term "core material" denotes fiber material formed to have a 
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plate-like shape. 

Furthermore, the vacuum heat insulating material of the present 
invention is free from the deterioration of the heat insulation performance due 
to increased internal pressure caused by gas generated from binder. Thus, the 
5 present invention can provide high-performance the vacuum heat insulating 
material. 

Furthermore, the structure of the present invention can also reduce gas 
heat conductivity. In the case of a conventional core material, extremely 
large openings that are formed in a step for manufacturing the core material 

10 and that are unevenly distributed frequently remain even after the vacuum heat 
insulating material is prepared and is applied with a pressing force by an 
atmospheric pressure. This has been considered to be a cause of the 
degradation of gas heat conduction. In contrast to this, the structure of the 
present invention eliminates the binding of fibers at fiber intersecting points, 

15 thus allowing the entire fiber material to be subjected to compression by air so 
that openings have substantially uniform diameters. As a result, extremely 
large openings are prevented from being caused to provide minute and uniform 
openings, thus further reducing the gas heat conductivity. 

By the above effects, a vacuum heat insulating material having heat 

20 insulation performance that is 10 times higher than the performance of 
conventional rigid urethane foam can be provided. 

The vacuum heat insulating material of the present invention is also 
provided so that fibers are adhered to one another by intermolecular interaction 
in which fibers are attracted to one another. This can provide a sufficient 

25 strength required for maintaining structured body that can be handled easily. 
This also prevents, when the vacuum heat insulating material is used as core 
material of the vacuum heat insulating material, the vacuum heat insulating 



7 



material from having a deteriorated appearance due to air compression. 

When a microscope or the like is used to observe conventional examples in 
which binders or eluted components of inorganic fibers are bound at 
intersecting points of inorganic fibers, binders or binding products of eluted 
5 components are clearly observed at the surface of fibers or the intersecting 
points. When the adhesion by the intermolecular interaction in the present 
invention is used, on the other hand, sufficient strength required for 
maintaining a structured body can be obtained regardless of the fact that no 
physical presence having influence on the adhesion is observed at all. This 

10 adhesion is provided by the intermolecular interaction by hydrogen bonding or 
van der Waals force, for example. 

Furthermore, inorganic fibers in the present invention that includes silicon 
oxide as a main component mean inorganic fibers (e.g., glass wool, silica 
fibers) in which silicon oxide is involved with the highest proportion. The 

15 inorganic fibers of the present invention may include alumina, sodium oxide, 
boron oxide or the like as a sub component. Commercially-low-cost glass 
wool is particularly preferable. 

As disclosed by the conventional example, the smaller the diameter of 
inorganic fiber has, the higher the heat insulation performance becomes. 

20 However, the conventional example could secure the heat insulation 
performance only when core material consisting of inorganic fibers has fiber 
diameter equal to or lower than 2jum. In contrast to this, the vacuum heat 
insulating material of the present invention can provide a sufficient heat 
insulation performance even when core material having fiber diameter equal to 

25 or higher than 3jum is used. Thus, in order to satisfy both of requirements of 
low cost and superior heat insulation performance, the fiber diameter from 
3jum to 4jum is desirable. It is noted that the technical concept of the present 



invention can be applied to fiber having any diameter. 

Material having gas barrier performance can be used as the exterior covering 
material of the present invention. A laminate film composed of a surface 
protection layer, a gas barrier layer, and heat adhesion layer is especially 
5 preferable. 

Furthermore, the vacuum heat insulating material of the present invention 
may include, in addition to core material, physical adsorption agents (e.g., 
synthetic zeolite, activated charcoal, activated alumina, silica gel, dawsonite, 
hydrotalcite), chemical absorption agents (e.g., alkali metals, alkali earth 

10 metals, alkali metal oxides, alkali earth metal oxides, alkali metal hydroxide, 
or alkali earth metal hydroxide), moisture absorption agents, or gas absorption 
agents enclosed in a exterior covering material. 

In the present invention, the intermolecular interaction is provided by Si-OH 
group and the Si-OH/Si-O ratio of the surface of inorganic fibers may be equal 

15 to or higher than 0.1 and equal to or lower than 20. The hydrogen bonding 
provided by Si-OH group can be used as an intermolecular interaction to 
provide sufficient intermolecular interaction force required for the adhesion 
among inorganic fibers to one another. This provides sufficient force to 
maintain a structured body that can be handled easily. 

20 In order to provide the Si-OH/Si-O ratio of the surface of inorganic fibers 
equal to or higher than 0.1 and equal to or lower than 20, suitable amount of 
moisture may be provided to the surface of the fibers until the core material of 
the vacuum heat insulating material is sealed under reduced pressure. The 
supply of moisture causes a chemical change of Si-0 2 groups at the surface of 

25 the fibers to Si-OH groups and a part thereof to Si-H 3 0 + groups. This change 
is desirably carried out immediately after fiber structuring process at which 
fibers are in relatively high temperature and are chemically unstable. 
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Next, core material having favorable appearance of the vacuum heat 
insulating material is prepared. Specifically, fibers consisting of inorganic 
fibers having Si-OH groups and Si-H 3 0 + groups at the surface is prepared at 
first. Then, the fiber material is subjected to compression or heat 
5 compression to obtain a structured body that can be handled easily. This 
structured body is used as core material. The wording "core material having 
favorable appearance" herein means core material by which the heat insulating 
material may have a smooth surface. When the inner face of an outer box of 
a heat insulation box of a refrigerator is adhered with a vacuum heat insulating 

10 material and the space between the inner box and the outer box is filled with 
heat insulation foam, convexities and concavities at the surface of the vacuum 
heat insulating material tend to appear as convexities and concavities at the 
outer box of the refrigerator. When the thickness of an adhesive agent is 
increased until convexities and concavities at the surface of the vacuum heat 

15 insulating material are covered, on the other hand, the heat insulation box 
becomes to have deteriorated heat insulation performance. Thus, core 
material by which heat insulating material can have a smooth surface is 
preferable. By subjecting the fiber to heat compression to have an 
appropriate density, fibers adjacent to one another are adhered by the hydrogen 

20 bonding, thereby providing a structured body. When the fiber material is 
heated while being compressed, the dehydration reaction may change Si-H 3 0 + 
groups to Si-OH groups. Thus, the Si-OH/Si-O ratio of obtained core 
material is preferably equal to or higher than 0.1 and equal to or lower than 20. 
The processing as described above provide a sufficient strength required for 

25 maintaining a structured body that can be handled easily. 

It is noted that the Si-OH/Si ratio of the surface of inorganic fibers can be 
calculated by the X-ray photoelectron spectroscopy (XPS) or the Fourier 
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transform infrared emission spectroscopy (FT-IR). The XPS measures Si2p 
spectrum and Ols spectrum to make comparison between peak areas of the 
former and the latter. The FT-IR measures Si-OH spectrum and SiO 
spectrum to make relative comparison between the areas of these spectra. 
5 In the present invention, core material consisting of inorganic fibers 
preferably has fiber density of 150kg/m 3 or higher and 300kg/m 3 or less. The 
term "fiber density" herein means apparent density of the core material as 
assembly of fibers. 

By using core material having the density as described above, hardness can 

10 be provided to the core material. As a result, the core material can be handled 
in a favorable manner and thus workability in a step for inserting the core 
material to exterior covering material is improved and the vacuum heat 
insulating material has favorable surface property. Even when the core 
material has increased density, the solid heat conductivity is not increased. 

15 A refrigerator/freezer and a refrigeration equipment of the present invention 
have the vacuum heat insulating material of the present invention. The 
vacuum heat insulating material of the present invention has superior heat 
insulation performance that is 10 times higher than conventional rigid urethane 
foam. Thus, the higher heat insulation of the refrigerator/freezer and the 

20 refrigeration equipment is achieved, and contribution to energy saving is 
realized. Furthermore, the vacuum heat insulating material has favorable 
surface property and can be attached with superior workability, thus providing 
a smooth surface to the box bodies of the refrigerator/freezer and the 
refrigeration equipment. 

25 Furthermore, the present invention does not use binder and does not cause 
deteriorated heat insulation performance due to increased interned pressure 
because of gas generated from binder. Thus, the present invention does not 
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cause aged deterioration of the heat insulation performance and can 
continuously contribute to energy saving. 

Conventional vacuum heat insulating material is formed by adhering 
inorganic fibers to one another by using binder. On the other hand, fibers of 
5 the vacuum heat insulating material of the present invention are adhered to one 
another by using a phenomenon in which inorganic fibers are attracted to one 
another by intermolecular interaction. Since the present invention improves 
the adhesiveness of surface layer of the inorganic fibers, the present invention 
can prevent deterioration of heat insulation performance due to gas generated 
10 from binder and can suppress increase of the solid heat conductivity via bound 
parts at fiber intersecting points, thus providing high-performance vacuum heat 
insulating material having superior heat insulation performance. 

Hereinafter, specific embodiments of the present invention will be 
described with reference to the drawings. It is noted that this invention is not 
15 limited to these embodiments. 
(Embodiment 1) 

Fig. 1 is a cross-sectional view illustrating a vacuum heat insulating 
material in Embodiment 1 of the present invention. Vacuum heat insulating 
material 6 is provided by filling core material 8 into exterior covering material 

20 7 under reduced pressure. Core material 8 includes silicon oxide as a main 
component and is provided so that inorganic fibers are adhered to one another 
by the attraction force due to the intermolecular interaction. Fig. 2 is a 
schematic view illustrating an intersecting point at which inorganic fibers are 
attracted to each other by the intermolecular interaction. Two neighboring 

25 inorganic fiber 9 and inorganic fiber 10 are adhered to each another by the 
intermolecular interaction. Since the fibers are adhered to each other via the 
intermolecular force, intersecting point 11 shows no bound materials. In spite 
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of this, this vacuum heat insulating material can obtain sufficient strength as a 
structured body so that the structured body can be handled appropriately. 

In the vacuum heat insulating material of embodiment example 1, 
intersecting points of inorganic fibers do not have binder or eluted components 
5 of the inorganic fiber and thus does not cause solid heat transfer at the fiber 
intersecting points. Thus, the vacuum heat insulating material of embodiment 
example 1 can reduce solid heat conduction, providing superior heat insulation 
performance. 

Furthermore, the vacuum heat insulating material of embodiment 1 does 
10 not cause deteriorated heat insulation performance due to increased internal 
pressure caused by gas generated from binder. 

Furthermore, the vacuum heat insulating material of embodiment 1 does 
not bind fibers by binder at fiber intersecting points. Thus, the vacuum heat 
insulating material is compressed in air so as to have openings having almost 
15 uniform diameter to eliminate an extremely large opening and to provide 
uniform minute openings, thus further reducing the gas heat conductivity. 

By the above effects, the vacuum heat insulating material having heat 
insulation performance that is 10 times higher than the performance of 
conventional rigid urethane foam can be provided. 
20 The vacuum heat insulating material of embodiment 1 is also provided so 
that fibers are adhered to one another by the intermolecular interaction in 
which fibers are attracted to one another. This can provide a sufficient 
strength required for maintaining a structured body that can be handled easily. 
When the fiber structure of the present invention is used as core material of a 
25 vacuum heat insulating material, the vacuum heat insulating material is 
prevented from having a damaged appearance due to air compression. 

Embodiment example 1 to embodiment example 7 show the result of the 
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evaluation of the vacuum heat insulating materials having different 
Si-OH/Si-O ratios and different fiber densities of the core material consisting 
of inorganic fibers. 

For the evaluation of the performance of the handling of the core material 
5 and the surface property of the vacuum heat insulating material, bending 
strength and compression strength were observed as evaluation indexes. 
Based on empirical date, it was determined that sufficient performance is 
obtained when bending strength is 0.03 MPa or more and compression strength 
is 0.05 MPa. 

10 In this evaluation, observed heat conductivities were compared with actual 
measurement values at average temperature of 24 degree Celsius. The result 
of the experiment is summarized in Table 1. 
(Embodiment example 1) 

A glass wool structured body was used as core material that has 
15 Si-OH/Si-O ratio of 0.1 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 250kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form a vacuum heat insulating material 
20 in which the core material had average fiber diameter of 4 jum. The 
evaluation thereof showed compression strength of core material of 0.06 MPa, 
bending strength of the core material of 0.04 MPa, and heat conductivity of the 
vacuum heat insulating material of 0.0013 W/mK. 

By providing the Si-OH/Si-O ratio of the inorganic fiber surface equal to or 
25 higher than 0.1 and equal to or lower than 20, fibers are attracted to one 
another by the intermolecular interaction to be strongly adhered to one another. 
The vacuum heat insulating material can obtain sufficient adhesion strength 
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required to maintain a structured body. Thus, the vacuum heat insulating 
material is handled easily and is prevented from having a damaged appearance 
due to air compression when used as core material of the vacuum heat 
insulating material. 

5 Furthermore ? the vacuum heat insulating material does not cause increased 
solid heat conductivity due to fiber binding by binder at fiber intersecting 
points. Since the vacuum heat insulating material of the present embodiment 
is free from fiber binding by binder at fiber intersecting points, the vacuum 
heat insulating material can be pressed by air so as to have almost uniform 
10 opening diameters. The formed uniform minute openings reduce the gas heat 
conductivity, thereby showing a heat insulation performance higher than those 
of comparison example 1 to comparison example 3. 
(Embodiment example 2) 

A glass wool structured body was used as core material that has 
15 Si-OH/Si-O ratio of 0.6 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 250kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form the vacuum heat insulating 
20 material. 

This vacuum heat insulating material showed average fiber diameter of the 
core material of 4 jum. The evaluation thereof showed compression strength 
of the core material of 0.07 MPa, bending strength of the core material of 0.05 
MPa, and heat conductivity of the vacuum heat insulating material of 0.0013 
25 W/mK. 

Embodiment example 2 showed a slight increase in the compression 
strength and bending strength than those of embodiment example 1. This 
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increase is presumably caused by the increase of Si-OH/Si-O ratio. 
(Embodiment example 3) 

A glass wool structured body was used as core material that has 
Si-OH/Si-O ratio of 0.9 calculated by a peak area ratio of Si2p spectrum and 
5 Ols spectrum by XPS and that has fiber density of core material of 250kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form a vacuum heat insulating material 
in which the core material had average fiber diameter of 4 jum. The 
10 evaluation thereof showed compression strength of the core material of 0.07 
MPa, bending strength of the core material of 0.06 MPa, and heat conductivity 
of the vacuum heat insulating material of 0.0013 W/mK. 

Embodiment example 3 showed a slight increase in the compression 
strength and bending strength than those of embodiment example 1. This 
15 increase is presumably caused by the increase of Si-OH/Si-O ratio. 
Embodiment example 3 also showed substantially the same strength as that of 
embodiment example 2. 

(Embodiment example 4) 

A glass wool structured body was used as core material that has 
20 Si-OH/Si-O ratio of 0.6 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 150 kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form a vacuum heat insulating material 
25 in which the core material had average fiber diameter of 4 jum. The 
evaluation thereof showed compression strength of the core material of 0.05 
MPa, bending strength of the core material of 0.03 MPa, and heat conductivity 



of the vacuum heat insulating material of 0.0012 W/mK. 

Embodiment example 4 showed slight reduction in the heat conductivity 
than that of embodiment example 2 having equivalent Si-OH/Si-O ratio. This 
reduction is presumably caused by the decrease of the solid heat conductivity 
5 due to the decrease of the density. When the density is 150kg/m 3 , the 
compression strength and the bending strength were sufficient to maintain a 
structured body that can be handled easily. 

(Embodiment example 5) 

A glass wool structured body was used as core material that has 

10 Si-OH/Si-O ratio of 0.6 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 300 kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form a vacuum heat insulating material 

15 in which the core material had average fiber diameter of 4 //m. The 
evaluation thereof showed compression strength of the core material of 0.08 
MPa, bending strength of the core material of 0.07 MPa, and heat conductivity 
of the vacuum heat insulating material of 0.0014 W/mK. 

Embodiment example 5 showed increase in the compression strength and 

20 bending strength than those of embodiment example 2 having equivalent 
Si-OH/Si-O ratio. This increase is presumably caused by the increase of the 
density. Embodiment example 5 also showed slight increase in the heat 
conductivity. However, the difference at this level does not have influence on 
the deterioration of solid heat conduction. 

25 (Embodiment example 6) 

A glass wool structured body was used as core material that has 
Si-OH/Si-O ratio of 0.6 calculated by a peak area ratio of Si2p spectrum and 
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Ols spectrum by XPS and that has fiber density of core material of 350 kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form a vacuum heat insulating material 
5 in which the core material had average fiber diameter of 4 jum. The 
evaluation thereof showed compression strength of the core material of 0.08 
MPa, bending strength of the core material of 0.07 MPa, and heat conductivity 
of the vacuum heat insulating material of 0.0015 W/mK. Embodiment 
example 6 showed compression strength and bending strength equivalent to 
10 those of embodiment example 5. Embodiment example 6 also showed 
increased heat conductivity. This is caused by the increased density. 
Although embodiment example 6 begins to show a tendency to increase the 
solid heat conduction, the value of the solid heat conduction is at an acceptable 
level. 

15 (Embodiment example 7) 

A glass wool structured body was used as core material that has 
Si-OH/Si-O ratio of 0.6 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 380 kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 

20 film layer and a thermoplastic polymer layer. These core material and 
exterior covering material were used to form a vacuum heat insulating material 
in which the core material had average fiber diameter of 4 jum. The 
evaluation thereof showed compression strength of the core material of 0.08 
MPa, bending strength of the core material of 0.07 MPa, and heat conductivity 

25 of the vacuum heat insulating material of 0.0015 W/mK. 

Embodiment example 7 showed compression strength and bending strength 
equivalent to those of embodiment example 5 and embodiment example 6. 
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Embodiment example 7 also showed increased heat conductivity. Although 
embodiment example 7 begins to show a tendency to increase the solid heat 
conduction, the value of the solid heat conduction is at an acceptable level. 
(Embodiment example 8) 
5 A glass wool structured body was used as core material that has 
Si-OH/Si-O ratio of 0.6 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 80 kg/m 3 . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 
10 exterior covering material were used to form a vacuum heat insulating 
material. 

The evaluation thereof showed compression strength of the core material of 
0.01 MPa or less, bending strength of the core material of 0.01 MPa or less, 
and heat conductivity of the vacuum heat insulating material of 0.0015 W/mK. 

15 The reason is that the structured body has a reduced strength due to the core 
material density of 80 kg/m 3 . Thus, embodiment example 8 showed superior 
heat conductivity but showed poor handling and deteriorated surface property 
of the vacuum heat insulating material. 
(Embodiment example 9) 

20 A glass wool structured body was used as core material that has 
Si-OH/Si-O ratio of 0.07 calculated by a peak area ratio of Si2p spectrum and 
Ols spectrum by XPS and that has fiber density of core material of 150 kg/m . 
A laminate film was used as exterior covering material that has a metallized 
film layer and a thermoplastic polymer layer. These core material and 

25 exterior covering material were used to form a vacuum heat insulating material. 
The evaluation thereof showed compression strength of the core material of 
0.03 MPa, bending strength of the core material of 0.02 MPa, and heat 
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conductivity of the vacuum heat insulating material of 0.0015 W/mK. It was 
difficult to provide, even by compression molding, a structured body having a 
density higher than 150kg/m 3 . The reason is presumably that the Si-OH/Si-O 
ratio smaller than 0.1 causes small adhesion force by an intermolecular 
5 interaction. Thus, the vacuum heat insulating material of embodiment 
example 9 showed superior heat conductivity but showed poor handling and 
deteriorated surface property. 

Next, comparison examples to the vacuum heat insulating material of the 
present invention will be shown. Table 1 shows the result of experiments 
10 using the same measurement method as those of the embodiment examples. 

(Comparison example 1) 

A glass wool structured body was used as core material in which boric acid 
binders are dispersed to bind fibers at intersecting points and that has fiber 
density of core material of 250 kg/m 3 . A laminate film was used as exterior 

15 covering material that has a metallized film layer and a thermoplastic polymer 
layer. These core material and exterior covering material were used to form a 
vacuum heat insulating material in which the core material had average fiber 
diameter of 4 jum. The evaluation thereof showed compression strength of 
the core material of 0.07 MPa, bending strength of the core material of 0.06 

20 MPa, and heat conductivity of the vacuum heat insulating material of 0.0022 
W/mK. 

Although comparison example 1 showed sufficient compression strength 
and bending strength, comparison example 1 showed heat conductivity higher 
than those of the present embodiments. The reason is that the dispersed boric 
25 acid binders bind fibers at intersecting points to increase the solid heat 
conduction via the fiber binding by binder. 

(Comparison example 2) 



A glass wool structured body was used as core material in which inorganic 
fibers having average fiber diameter of 1 jum are subjected to an acid aqueous 
solution processing and compression dehydration processing to collect eluted 
components of the inorganic fibers at intersecting points of the inorganic fibers 
5 to provide a function as bonding material and that has fiber density of core 
material of 250 kg/m 3 . A laminate film was used as exterior covering 
material that has a metallized film layer and a thermoplastic polymer layer. 
These core material and exterior covering material were used to form a 
vacuum heat insulating material. The evaluation thereof showed compression 
10 strength of the core material of 0.07 MPa, bending strength of the core material 
of 0.06 MPa, and heat conductivity of the vacuum heat insulating material of 
0.0033 W/mK. 

Although comparison example 2 shows sufficient compression strength and 
bending strength, comparison example 2 has heat conductivity that is much 

15 higher than those of the present embodiments. The reason is that the eluted 
components of the inorganic fibers function as bonding material at the 
intersecting points and thus heat conduction among the inorganic fibers is 
performed via the bonding material, thereby increasing the solid heat 
conductivity. Thus, the effect by the minute fiber diameter is canceled. 

20 (Comparison example 3) 

A glass wool structured body was used as core material in which a plurality 
of papers obtained by acid sheetmaking of inorganic fibers having average 
fiber diameter of 1 jum are layered in acid condition. Then, the obtained layers 
are subjected to compression processing so that the inorganic fibers are bound 

25 at the respective intersecting points by components eluted from these fibers 
and that has fiber density of core material of 250 kg/m 3 . A laminate film was 
used as exterior covering material that has a metallized film layer and a 
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thermoplastic polymer layer. These core material and exterior covering 
material were used to form a vacuum heat insulating material. The evaluation 
thereof showed compression strength of the core material of 0.07 MPa, 
bending strength of the core material of 0.06 MPa, and heat conductivity of the 
5 vacuum heat insulating material of 0.0022 W/mK. 

Although comparison example 3 shows sufficient compression strength and 
bending strength, comparison example 3 has heat conductivity that is much 
higher than those of the present embodiments. This is because the inorganic 
fibers are bound each other at the respective intersecting points by components 

10 eluted from these fibers. By layering the plurality of papers obtained by the 
acid sheetmaking in acid condition, an effect is provided in which fibers are 
arranged in a direction orthogonal to the direction of heat transmission. 
Although the effect gives heat conductivity smaller than that of comparison 
example 2, the heat conductivity is still larger than those of the present 

15 embodiment examples 1 to 9. 
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(Embodiment 2) 

Fig. 3 is a cross-sectional view illustrating a refrigerator/freezer of the 
present invention. 

In refrigerator/freezer 12, a box composed of inner box 13 and outer 
5 box 14 previously includes vacuum heat insulating material 6 in embodiment 1 
and spaces other than vacuum heat insulating material 6 are filled with rigid 
urethane foam 15. The refrigerator/freezer having the structure as described 
above has superior heat insulation performance that is 10 times or more higher 
than that of conventional refrigerator/freezer having rigid urethane foam, thus 

10 achieving a high heat insulation to contribute to energy saving. Fibers in 
vacuum heat insulating material 6 are not bound by bonding material. Thus, 
vacuum heat insulating material 6 does not cause a deteriorated heat insulation 
performance due to increased internal pressure caused by gas generated from 
the bonding material. As a result, vacuum heat insulating material 6 is free 

15 from aged deterioration of heat insulation performance, thus continuously 
contributing to energy saving. 

It is noted that a refrigerator/freezer and a refrigeration equipment of 
the present invention mean machines using hot/cold heat operating at 
temperatures in a range from -30 degrees at which they operate through an 

20 ordinary temperature to a higher temperature at which an automatic vending 
machine operates. Furthermore, the present invention is not limited to an 
electrical apparatus and also may be applied to a gas apparatus. 

INDUSTRIAL APPLICABILITY 

25 As described above, the vacuum heat insulating material according to 

the present invention has remarkably-reduced solid heat conduction and gas 
heat conduction and has superior heat insulation performance that is 10 times 
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or more superior to that of conventional rigid urethane foam. The use of the 
vacuum heat insulating material of the present invention can provide an 
efficient use of hot/cold heat. Thus, the vacuum heat insulating material of 
the present invention can contribute to energy saving of apparatuses such as 
5 refrigerator/freezers and refrigeration equipments and also can be used for any 
heat insulation applications for protecting objects from heat or cold. 



